To evaluate the incidence of postoperative sepsis after elective procedures, to define surgical procedures with the greatest risk for developing sepsis, and to evaluate patient and hospital confounders. Background Data: The development of sepsis after elective surgical procedures imposes a significant clinical and resource utilization burden in the United States. We evaluated the development of sepsis after elective procedures in a nationally representative patient cohort and assessed the effect of sociodemographic and hospital characteristics on the development of postoperative sepsis. Methods: The Nationwide inpatient sample was queried between 2002 and 2006 and patients developing sepsis after elective procedures were identified using the patient safety indicator "Postoperative Sepsis" (PSI-13). Case-mixa djusted rates were calculated by using a multivariate logistic regression model for sepsis risk and an indirect standardization method. Results: A total of 6,512,921 weighted elective surgical cases met the inclusion criteria and 78,669 cases (1.21%) developed postoperative sepsis. Case-mix adjustment for age, race, gender, hospital bed size, hospital location, hospital teaching status, and patient income demonstrated esophageal, pancreatic, and gastric procedures represented the greatest risk for the development of postoperative sepsis. Thoracic, adrenal, and hepatic operations accounted for the greatest mortality rates if sepsis developed. Increasing age, Blacks, Hispanics, and men were more likely to develop sepsis. Decreased median household income, larger hospital bed size, urban hospital location, and nonteaching status were associated with greater rates of postoperative sepsis. Conclusions: The development of postoperative sepsis is multifactorial and procedures, most likely to develop sepsis, did not demonstrate the greatest mortality after sepsis developed. Factors associated with the development of sepsis included race, age, hospital size, hospital location, and patient income. Further evaluation of high-risk procedures, populations, and environments may assist in reducing this costly complication. (Ann Surg 2010;252:1065-1071 T he development of sepsis creates a substantial health care burden, and limited epidemiologic information exists with regard to postoperative sepsis. Martin et al demonstrated that the incidence of sepsis and the number of sepsis-related deaths are increasing, although the overall mortality rate among patients with sepsis is declining. 1 The National Healthcare Quality Reports estimated 11.6 cases of postoperative sepsis per 1000 elective surgery discharges with hospital length of stay (LOS) longer than 3 days. 2 Other population studies From the To identify the study population, we followed the selection criteria in the technical specifications developed by the AHRQ for the patient safety indicator "Postoperative Sepsis" (PSI-13), 10 and used specific diagnosis-related groups and ICD-9-CM (International Classification of Diseases, Ninth Revision, Clinical Modification) codes provided by this document. The AHRQ and the Stanford-UCSF Evidence-based Practice Center have developed PSIs. PSIs were developed after a comprehensive literature review, analysis of ICD-9-CM codes, review by a clinician panel, implementation of risk adjustment, and empirical analyses. Among 20 hospital-level indicators, 8 are related to surgical discharges and may be used to identify
focusing on elective procedures have demonstrated that the rates of sepsis and severe sepsis have increased significantly over the last decade with little improvement in overall mortality. 3 Sepsis remains one of the leading causes of death in the United States, and surgical patients account for approximately one-third of all sepsis cases. 4 As payers move toward performance-based reimbursement, evaluation of hospital performance will become more important, 5 and studies focusing on higher risk surgical procedures and best practices to prevent possible complications may offer future targets for intervention. Administrative data offer the ability to evaluate large numbers of interventions, to delineate procedures more prone to complications, and to describe hospital and patient characteristics associated with septic complications after elective surgery.
The objective of this study was to describe the epidemiology of postoperative sepsis in the United States after elective in-patient elective surgery by procedure type. Secondary aims included description of sociodemographic factors and hospital characteristics associated with the development of postoperative sepsis. The identification of high-risk groups may assist in identifying process level opportunities for improvements to reduce the incidence of sepsis.
METHODS

Data Source
The Nationwide Inpatient Sample (NIS) was queried for the years 2002 to 2006. This database was developed as part of the Healthcare Cost and Utilization Project (HCUP) and sponsored by the Agency for Healthcare Research and Quality (AHRQ). 6 Being the largest all-payer hospital database in the United States, it contains information about all hospitalizations from more than 1000 acute care hospitals representing a 20% weighted probability sample of all US hospitals. Sampling strata created by AHRQ are based on hospital characteristics including geographic region, ownership, location, teaching status, and number of beds and sampling weights are provided to account for the survey design and to provide national estimates. The most current NIS data include approximately 8 million hospitals admissions annually and, using the weighting function methodology provided by HCUP, allows for the computation of national estimates with variances for specific variables. All data were analyzed and results were reported utilizing the weighting methodology included with the NIS 7, 8 and as previously reported in other epidemiologic outcomes studies in surgery. 9 potential adverse events. The indicator, postoperative sepsis (PSI 13), was used to identify sepsis as a complication. PSIs are particularly applicable to surgical patients as they are more homogeneous than medical patients, making it easier to account for case-mix.
Observations with postoperative sepsis had the following ICD-9-CM diagnosis codes in any secondary position (suggesting a complication from the surgical procedure) for the diagnosis codes: streptococcal septicemia (038.0), staphylococcal septicemia unspecified (038.10), Staphylococcus aureus septicemia (038.11), other staphylococcal septicemia (038. 19) , pneumococcal septicemia (038.2), septicemia because of anaerobes (038.3), Gram-negative organism unspecified (038.40), Hemophilus influenzae (038.41), Escherichia coli (038.42), Pseudomonas (038.43), Serratia (038.44), septicemia because of other Gram-negative organisms (038.49), other specified septicemias (038.8), unspecified septicemia (038.9), septic shock (785.52), other shock without mention of trauma (785.59), systemic inflammatory response syndrome because of infectious process without organ dysfunction (995.91), and systemic inflammatory response syndrome because of infectious process with organ dysfunction (995.92). 11 However, procedures associated with cancer were not excluded due to the importance of this diagnosis as an indication for some major surgical procedures. As a result, we included in the study cohort surgical patients aged 18 years and older who were electively admitted to the hospital, did not have diagnosis of sepsis, any infection or any reported immunocompromised status at admission, and stayed in the hospital for not less than 4 days.
Using the ICD-9-CM and CCS (Clinical Classification Software) procedure codes for principal procedures in the data, we also selected 15 major specific groups of surgical procedures (Table 1) . When selecting study population for this analysis, we found the interval between the day of admission to the hospital and a day when procedure of interest was performed varied considerably. To ensure that patients were hospitalized for surgical procedure of interest, we selected only those cases in which the procedure was the principal procedure and performed within 2 days of admission. Our preliminary analysis demonstrated that 90% of procedures were performed during the first 2 days after admission, and we restricted our cohort to these patients. This approach has been previously used in administrative data to ensure elective procedures are evaluated. 12 Statistical Analysis SAS 9.2 software (SAS Institute, Cary, NC) was used for the analysis of data and all statistics. We tested the difference between 2 groups with χ 2 analysis for categorical variables and with t test for continuous variables. Because hospital LOS and cost are highly skewed, medians were calculated for these parameters and intergroup differences were evaluated with the nonparametric Wilcoxon rank sum test. Trends in the parameter estimates were analyzed with the Cochran-Armitage trend test. A value of P < 0.05 was considered significant for all calculations.
Patient and hospital characteristics were adjusted using logistic regression models that included these characteristics as independent variables. Elixhauser comorbidity measures were used to identify and adjust for comorbidities in the cohort and to perform case-mix adjustment. [13] [14] [15] The NIS data includes 30 AHRQ comorbidity measures reported by Elixhauser et al. 14 To identify these comorbidities we used the Comorbidity Software developed as part of the HCUP. Hospital bed size categories in the NIS (small, medium, and large) are based on the number of hospital beds with regard to the hospital location and teaching status as defined by HCUP. 16
Case-Mix Adjustment
Crude rates of postoperative sepsis were calculated by dividing the number of observations with infection by the number of all observations and expressed as a percentage. Crude rates for mortality were calculated by dividing the number of fatal cases by the total number of cases in each group and also expressed as a percentage. Risk-adjusted rates of sepsis and mortality for each group of surgical procedures were calculated using indirect standardization. To perform case-mix adjustment, the expected rates for each procedure were calculated using a logistic regression model created with sepsis or death as the dependent variable (outcome), and the independent variables were identified as predictors of this outcome. Predictors included in the model were age, gender, and race, AHRQ comorbidities, hospital bed size, hospital location, and hospital teaching status.
This methodology allows for the adjustment of the observed rates of sepsis by these defined factors. Variable interactions were evaluated using SAS PROC MIXED statement and no significant interactions were noted. The mean predicted probability of outcome was then calculated for each procedure and the expected rate as a percentage was generated. After these calculations we divided observed rate for each procedure by the expected rate for this procedure and multiplied by the observed rate for the entire sample. This methodology has been previously reported in epidemiological studies to calculate case-mix adjusted rates. [17] [18] [19] 
Cost Analysis
Hospital cost was calculated using total hospital charge in the database and the HCUP cost-to-charge ratio files. Total hospital charges in various years were adjusted to charges in 2006 with the CPI inflation calculator provided by the US Department of Labor. 20 Total hospital cost in various groups was presented as median and comparisons were made with the nonparametric Wilcoxon rank sum test. For analysis by income, the NIS database contains a categorization of the estimated median household income of residents in the patient's ZIP code by quartile, from first quartile with the lowest income to fourth quartile with the highest income.
RESULTS
An estimate of 6,512,921 elective surgical cases met the eligibility criteria. The sociodemographic characteristics of the whole study cohort are displayed in Table 2 . The majority of the patients (51.4%) were aged ≥65 years, female (P < 0.0002), and white (82.1%). More than half of all patients were insured by Medicare (51.7%) and 37.9% were privately insured.
Overall Incidence and Sociodemographics
Overall, 1.21% (N = 78,669) patients developed postoperative sepsis. The rate of sepsis steadily increased with the increasing age (P < 0.001 for trend) and octogenarians were almost twice as likely to develop sepsis as persons aged less than 50 years (OR [odds ratio] = 1.97; 95% CI: 1.92, 2.03). The greatest rates of postoperative sepsis were found in Blacks who were more likely to develop postoperative sepsis compared with whites (OR = 1.28; 95% CI: 1.25, 1.32). Hispanics were also more likely to develop postoperative sepsis compared with whites (OR = 1.20; 95% CI: 1.16, 1.24).
Analyzing rates of postoperative sepsis by insurance status, we found that patients with Medicare and Medicaid were significantly more likely to develop sepsis than patients with private insurance coverage (OR = 1.78; 95% CI: 1.75, 1.81 and OR = 1.75; 95% CI: 1.69, 1.80, respectively). Uninsured patients were 1.21 times (95% CI: 1.14, 1.28) as likely to have postoperative sepsis as patients with private insurance. We also evaluated rates of postoperative sepsis in patients with varying incomes. The NIS database stratifies the estimated median household income of residents in the patient's ZIP code by quartile, from first quartile with the lowest income to the fourth quartile with the greatest income. The rate of sepsis was higher in patients with lower income (P < 0.0001 for trend). A steady decrease in sepsis was found by income quartile: first 1.44%; second 1.25% (P < 0.0001); third (1.18%; P < 0.0001); and fourth (1.15%; P = 0.0143) quartiles.
Rates of postoperative sepsis were also associated with various hospital characteristics. Patients in large size hospitals were more likely to develop sepsis after elective surgical procedures than patients in small size hospitals (OR = 1.05; 95% CI: 1.02, 1.09). Also, elective surgical procedures performed in urban and nonteaching hospitals were more likely to be complicated by postoperative sepsis compared with rural (OR = 1.32; 95% CI: 1.27, 1.37) and teaching (OR = 1.056; 95% CI: 1.042, 1.071) hospitals.
Multivariate logistic regression analysis was used to determine factors associated with postoperative sepsis. Significant sepsis predictors included octogenarians compared with patients of age 50 years and younger (OR = 2.05; 95% CI: 1.97, 2.13) and blacks and Hispanics compared with whites (OR = 1.36; 95% CI: 1.31, 1.41 and OR = 1.33; 95% CI: 1.27, 1.39, respectively). Risk factors associated with a lower risk of sepsis were female gender (OR = 0.71; 95% CI: 0.69, 0.72), teaching status of the hospital (OR = 0.90; 95% CI: 0.88, 0.92), and increased household income (OR = 0.82, 95% CI: 0.79, 0.84).
Procedure-Specific Incidence
Using CCS procedure codes for principal procedures, we analyzed the frequency distribution of various surgical procedures in the list of procedures complicated by postoperative sepsis. Gastrointestinal, cardiovascular, or thoracic procedures accounted for 48.7% of cases with postoperative sepsis. We also selected 15 groups of major surgical procedures and calculated rates of postoperative sepsis in each group. To compare these rates, we performed case-mix adjustment by age, race, gender, hospital bed size, hospital location, teaching status, and patient income. Computed risk-adjusted rates of postoperative sepsis were calculated and these groups were reranked ( Table 3 ). As shown in Figure 1 , groups with rates of postoperative sepsis more than the mean were esophageal, pancreatic, gastric, small bowel, hepatic, and biliary procedures. Breast and thyroid procedures had the lowest rates of postoperative sepsis. FIGURE 1 . Risk-adjusted rates of postoperative sepsis for groups of major surgical procedures (error bar, 95% CI).
Mortality
We examined in-hospital mortality after postoperative sepsis in the same groups of major surgical procedures (Table 3) . Patients undergoing thoracic procedures had the highest risk-adjusted rate of death among patients that developed sepsis. Figure 2 displays the distribution of risk-adjusted rates of hospital mortality after postoperative sepsis for major surgical procedures. Four groups that had sepsis rates above the mean rate (esophageal, pancreatic, gastric, and hepatic procedures) had also risk-adjusted mortality rates above mean rate. However, mortality rates after cardiac, vascular, adrenal, and splenic procedures complicated by postoperative sepsis increased more than the mean rate, although the incidence rate for sepsis in these groups was below the mean rate. For the entire cohort of patients who devel-oped sepsis after elective surgery, hospital mortality was significantly higher compared with patients not developing postoperative sepsis (25.88% vs. 0.81%, P < 0.0001).
Hospital Resource Utilization
Hospital resource utilization was analyzed in patients with and without postoperative sepsis. Median total hospital LOS after surgical procedures complicated by sepsis (18 days) was 3 times greater than after noncomplicated procedures (6 days; P < 0.0001). complication of elective surgical procedures by sepsis increased the total hospital cost by an estimated $3.83 billion during the study period.
DISCUSSION
We have described the rates of sepsis and the associated mortality for a variety of hospital-based surgical procedures. Esophageal, pancreatic, and gastric procedures represented the greatest risk for the development of sepsis, but mortality for patients developing sepsis was found to be the greatest following thoracic, adrenal, and hepatic procedures. Furthermore, we have demonstrated that older patients, men, and nonwhites were more likely to develop sepsis as a compli-cation after elective surgery. Our analysis further demonstrates that sepsis is an extremely costly complication to the health care system. On the basis of frequency of cases performed, decreasing septic complications after cardiac and colorectal procedures may be the most cost advantageous to the health care system. To our knowledge, this is the largest population-based analysis evaluating the rates, risk factors, mortality, and cost associated with postoperative sepsis after elective surgery.
Previous studies evaluating postoperative sepsis may have limited generalizability because of small study size, single institution experiences, and small geographic regions. [21] [22] [23] [24] [25] [26] [27] The incidence of sepsis has increased significantly in the United States over the last decade and has been accompanied by an increase in the severity of sepsis. 1, 28, 29 In the year 2002, The National Healthcare Quality Reports estimated 11.6 cases of postoperative sepsis per 1000 elective surgery discharges with a hospital LOS longer than 3 days. 2 More than 40 million surgical procedures are performed annually in the United States, and despite a reduction in the disease case fatality over time, sepsis remains one of the leading causes of death in the United States. 1, 4, [29] [30] [31] [32] [33] [34] Our analysis has demonstrated that elective surgical procedures with the highest likelihood of developing sepsis do not necessarily have the greatest mortality. Among elective surgical cases, those with the greatest risk were esophageal, pancreatic, small bowel, and biliary procedures. Of note was the higher than expected rate of septic complications associated with gastric and small bowel cases, even though these procedures have been previously reported as having low septic complications from other large data series. 35 Our analysis demonstrates that gastric and small bowel procedures appear to pose a significant risk for the development of postoperative sepsis, which may be secondary to disease processes not analyzed in this study. After case-mix adjustment, thoracic, adrenal, and hepatic procedures ranked among the top procedures associated with the highest mortality if sepsis developed. The mortality rates for these procedures were higher than after esophageal and pancreatic procedures. In accordance with our findings, a population level analysis from the United Kingdom concluded that the greatest mortality rates were associated with general abdominal procedures. 36 Beyond procedure type, we have defined the sociodemographics of postoperative sepsis after elective surgery. Previous large population analyses have evaluated global sepsis rates (medical and surgical combined) and have demonstrated that the incidence of sepsis disproportionately increased in elderly adults, and age was an independent predictor of mortality. 37 After adjustment of this cohort for comorbidities, the aged still remained more likely to develop sepsis and had increased mortality after developing sepsis than younger patients. In addition, gender disparities in the occurrence of postoperative sepsis were demonstrated. Women were found to be less likely to develop postoperative cases in the total surgical cohort. Multiple studies have evaluated the correlation of gender to the development of sepsis. [38] [39] [40] [41] Mechanistic reasons for this gender disparity remain unclear, but further analyses from a population level may provide insight into comorbidities and other factors increasing the likelihood of developing postoperative sepsis.
We have also demonstrated that ethnicity and income have a significant effect on the development of postoperative sepsis. Previous population level investigations have demonstrated a substantial relationship of race and income on mortality and use of services among Medicare beneficiaries. 42, 43 In our adjusted model, we have demonstrated that white race and greater income lessened the likelihood for the development of postoperative sepsis. Reasons for this finding remain unclear, but authors have suggested this may be secondary to educational level, access to care, or the extent of disease when treated. 44 As well, other authors have demonstrated increased PSI rates in minorities and have suggested that patient race may influence the risk of experiencing a patient safety event. The authors suggested patient risk factors or the organizational characteristics of hospitals may affect quality of care and the occurrence of PSIs. 45 We have also described institutional characteristics associated with the development of postoperative sepsis after elective surgery. Hospital quality has been previously shown to vary by geographic region and hospital characteristics. 46 We determined that patients in larger hospitals were more likely to develop sepsis than in smaller hospitals. We also found that elective surgical procedures in urban and nonteaching hospitals were more likely to be complicated by postoperative sepsis. These findings suggest that factors contained within healthcare delivery systems may be associated with the development of postoperative sepsis. Others have suggested that improved outcomes at teaching hospitals may be secondary to increased teaching intensity and better rescue after complications develop, rather than fewer overall complications. 47 Importantly, the structure and process of care within hospitals have been found to have a significant association with the prevention of surgical site infections. 48 Khuri et al has also noted the importance of complications using the National Surgical Quality Improvement Program database. The occurrence of 30day postoperative complications was more important than preoperative patient risk and intraoperative factors in determining the survival after major surgery. This suggests that process improvements should be directed toward the prevention of postoperative complications. 49 Finally, comparison of our findings using the NIS to other large data other large data sets show similar rates of sepsis as a complication of elective procedures. Fowler et al evaluated the Society of Thoracic Surgeons National Cardiac Database to evaluate clinical predictors of major infections after cardiac surgery. 50 This study reported a postoperative septicemia rate of approximately 1.23%, which was a subset of cardiac patients in which major infection occurred. This rate appears similar to the risk-adjusted rate of sepsis of 1.11% found in this analysis. On the basis of our analysis, cardiac and colorectal surgery may be future targets for intervention as the frequency of these procedures and the associated cost of sepsis may have a larger effect on limiting cost and expenditure associated with sepsis as a complication.
This study has several limitations. Administrative data originally were intended primarily for reimbursement, although multiple studies have validated the use of administrative data for research purposes. 1, 51 The potential for inclusion bias based on limited coding schemes for the many clinical entities cannot be entirely excluded as well as the differentiation of comorbidities from chronic illnesses. It is possible that changes in rates of sepsis results may have occurred over time secondary to more complete capturing of codes by institutions based on reimbursement. An inherent weakness of the study is the reliance on ICD-9 discharge coding, which may vary from institution to institution and within the same institution. Although the code scheme remained constant throughout the study, there may be coding variations between institutions and this cannot be evaluated from the data set. There may also be a bias in the definition of sepsis as a revised consensus sepsis definitions have been published during the study period, which may lead to variation in the severity and classification of sepsis. 52 There is also an inherent limitation by selecting patients having procedures performed within the first 2 days of admission, but this was performed to ensure that patients had elective admissions as well as elective procedures. There are limitations using administrative data on millions of patients compared with the use of smaller cohorts with more refined clinical information, but we propose that the present data from an epidemiological standpoint are valuable for future interventions and analysis.
In conclusion, we have identified several elective surgical procedures that demonstrate a greater risk for the development of postoperative sepsis. We have further defined procedures associated with the greater mortality after sepsis develops. We have also noted disparities in the occurrence of sepsis on a population level with regard to patient demographics and institutional characteristics. We have identified opportunities among several high-volume elective procedures where both improved clinical outcome and reduced costs could provide societal benefits. Further focused studies and root cause analyses will be required to decrease the rates of postoperative sepsis and delineate targets for process level improvements.
